PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 08-1 14638 

(43)Date of publication of application : 07.05.1996 



(51)lnt.CI. 




G01R 31/00 




(21)Application number : 


06-248224 


(71)Applicant : 


MEIDENSHA CORP 


(22)Date of filing: 


14.10.1994 


(72)lnventor : 


NAGASHIMA SHIZUO 



(54) MACHINERY ABNORMALITY DIAGNOSING APPARATUS 

(57)Abstract: 

PURPOSE: To enable the diagnosis of abnormality 
effective for the change in both axis directions of 
frequency and time. 

CONSTITUTION: The monitor signal reflecting the state 
of machinery D to be diagnosed is fetched in a signal 
fetch part 2 through a preprocessing part 1 to be 
converted into digital data and the synchronization due 
to a control unit 30 and, if necessary, the injection of a 
test signal are performed by fetching the monitor signal 
and a signal having a expanse in time and frequency is 
obtained by the wavelet analysis by a wavelet analyzing 
part 4 to the digital data and it is diagnosed whether the 
machinery is abnormal or normal by the statistical 
evaluation or pattern recognition by an abnormality 

diagnosing part 5 to the signal of the wavelet analytical result. Normal example data 5A has 
the analytical result of a normal example by wavelet analysis to normal machinery 
preliminarily. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001} 

[Industrial Application] this invention relates to the device unusual diagnostic equipment 
which analyzes the supervisory signal of a device and diagnoses the existence of 
abnormalities. 
[0002] 

[Description of the Prior Art] Conventionally, frequency analysis of the supervisory 
signal which turns into an electric, acoustical, and mechanical signal reflecting the state 
of devices, such as an output wave of the device for a diagnosis, is carried out to the 
unusual diagnostic method of a device by the Fourier analysis, and there are some which 
diagnose by the pattern recognition statistically using evaluation or the neural network for 
this analysis result in it. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the conventional unusual diagnosis 
is based on the Fourier analysis which is the analysis technology of a frequency domain 
and being excelled in analysis by the frequency space of a steady phenomenon, un- 
arranging was to catch the change on a time-axis, and it was not necessarily that from 
which effective analysis is obtained in the intense section of time change. 
[0004] The purpose of this invention is to offer the device unusual diagnostic equipment 
which enables an unusual diagnosis effective in change of frequency and both the shaft 
orientations of time. 
[0005] 

[Means for Solving the Problem] this invention carries out having had a signal 
incorporation means incorporates the supervisory signal reflecting the state of the device 
for a diagnosis, and change into digital data, a wavelet analysis means acquire the signal 
which gives wavelet analysis to the aforementioned digital data, and has a breadth in time 
and in frequency, and an unusual diagnostic means obtain an unusual and normal 
diagnosis of the aforementioned device with a statistical evaluation or pattern recognition 
to the signal of the aforementioned wavelet analysis result, in order to aim at solution of 
the aforementioned technical problem as the feature. 
[0006] 

[Function] It replaces with the Fourier analysis to a supervisory signal, the wavelet 
analysis which can be analyzed is applied to both the shaft orientations of frequency and 
time, analysis of an unsteady and transitional phenomenon is enabled, and improvement 
in the diagnostic performance of an abnormal condition is aimed at. 
[0007] 

[Example] Drawing 1 is the block diagram of a diagnostic-process system showing one 
example of this invention. 

[0008] a frequency band limit and a noise component should remove the supervisory 
signal from the device D for a diagnosis by the pretreatment section 1 of the diagnostic- 
process system shown with a dashed line block, and ** it - ** 

[0009] The signal incorporation section 2 incorporates the supervisory signal which let 



the pretreatment section 1 pass, and changes it into a digital data train by a sampling and 
A/D conversion. 

[0010] Synchronization called incorporation instruction generating to registration of a 
signal incorporation trigger is made with a control unit 3 by the incorporation of these 
signals. Moreover, when pouring a stimulus into the incorporation of a supervisory signal 
and making the echo etc. into a supervisory signal, a control unit 3 pours in a stimulus to 
the device for a diagnosis. 

[001 1] The wavelet analysis section 4 gives wavelet analysis to the digital signal obtained 
in the signal-processing section 2, and acquires the signal which has a breadth in time and 
frequency. 

[0012] To the signal which is acquired by wavelet analysis and which has a breadth in 
time and frequency, the unusual diagnostic section 5 performs pattern recognition by the 
statistical evaluation, the neural network, etc., calculates a discrimination index, performs 
comparison with normal example data 5 A, judges whether the discrimination index 
exceeded the threshold, and obtains the unusual and normal diagnostic result of a device. 
[0013] In addition, about the normal case of Device D, a control unit 3 performs same 
diagnostic-process operation, performs the statistical evaluation in the case of being 
normal, the threshold of a discrimination index with whether unusual it is normal, study 
of a neural network, etc., and saves them by normal example maintenance instructions at 
normal example data 5 A. 

[0014] As mentioned above, in this example, wavelet analysis of the supervisory signal is 
carried out, and an unusual diagnosis is performed from this analysis result. This 
diagnostic flow chart is shown in drawing 2 , and it is shown, when continuing a 
diagnosis, after malfunction detection and. 

[0015] In order that the diagnostic process by this example might check a bird clapper in 
dominance to the conventional Fourier analysis, the simulation was performed about the 
supervisory signal which becomes damping oscillation. Extension (attenuation of 
frequency) of a period advances simultaneously with attenuation of an amplitude, and 
this damping oscillation performed the unusual diagnosis from the difference in the time 
change. 

[0016] It does not see, when a restoring force increases in nonlinear as such vibration is 
shown in drawing 3 , and a variation rate becomes large, and it is not special and the 
signal of this damping oscillation is formulized by the following formulas. 
[0017] 

[Equation 1] Y=sin (10 X/exp (bX)), exp (-0.5X) 

Y: Amplitude X.time b : as the attenuation signal of ****** showed a wave to drawing 4 
, the normal example to hold was set to b= 0. 10, and the unusual example was set to b= 
0.11. Moreover, the range of analytic was made into the comparatively big section of an 
amplitude to time t=0-2.5. In this range, a period is 0.1 at the time of X= 0, and the 
periods at the time of X= 2.5 are 0. 128 (b= 0. 10) and 0.13 1 (b= 0. 1 1). 
[0018] (i is subscript) of a spectrum, and [0019] about power spectrum Pli (normal 
example) and P2i (unusual example) which were standardized by performing the Fourier 
analysis (power spectrum on the basis of a sign function) which is the conventional 
technique as it is fastidious and a period is covered, and wavelet analysis (power 
spectrum on the basis of the Gabor function). 
[Equation 2] 
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[0020] The effect of each analysis technique was compared as a discrimination index 
which shows a difference with a ** normal example. 

[0021] Consequently, although the discrimination index value in a Fourier analysis was 
0.096, in wavelet analysis, it is set to 0. 174, the way of wavelet analysis becomes 
sensitive by detection of the difference between a normal example and an unusual 
example, and it can confirm an unusual diagnosis. 

[0022] Moreover, the power spectrum of the frequency analysis in wavelet analysis was 
graph-ized to a Fourier analysis and drawing 6 , and it was shown in drawing 5 , and in 
the Fourier analysis, the difference in .periodic change has turned clearly more in wavelet 
analysis to the difference in a period being not clear so that clearly also from this graph. 
[0023] 

[Effect of the Invention] Since according to this invention the above passage it replaces 
with the Fourier analysis to a supervisory signal and the unusual diagnostic data was 
obtained to both the shaft orientations of frequency and time in the wavelet analysis 
which can be analyzed, in the conventional Fourier analysis, frequency analysis becomes 
possible also about the intense signal of time change which was difficult for detection, 
and improvement in the diagnostic performance of an abnormal condition can be aimed 
at. 
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